Analysis of urinary protein composition is an important tool in studies on renal physiology and physiopathology. Urine is, however, a complex mixture containing, besides protein, a variety of compounds such as salts, peptides, oligosaccharides, and glycosaminoglycans. Some of these compounds interfere with the electrophoretic migration of protein in sodium dodecyl sulfate-polyacrylamide gels and prevent correct analysis of the protein pattern. We describe a simple method for extracting urinary proteins that considerably improves their electrophoretic migration and subsequent immunodetection. This treatment involves ammonium sulfate fractionations (for precipitating proteins), EDTA (for inhibiting protein aggregation), and HCI hydrolysis (for removing glycosylaminoglycans). Recovery during extraction was found to be almost quantitative for total protein and three representative proteins: albumin, a1-glycoprotein acid, and j32-microglobulin. 
Results

Recovery of specific urinary proteins (Table 1). Because quantification of a1-GP and -zG
was not possible in unconcentrated urine by using RID kits, we measured yields in concentrated urine. Albumin final recovery was 72.8% when calculated from fraction B (concentrated urine) and 83.6% from the 0.9 mol/L (NH4)2S04 protein supernatant (fraction C). Recovery of a1-GP seems to be complete, being >100%. For f32-iG, the final recovery was -70%.
Protein recovery during ammonium sulfate fractionation (Table 2) . We monitored total protein recovery during stepwise ammomum sulfate fractionation.
The loss of proteins appeared to be negligible during the concentration of urine (96.05% vs 100%). Because the dye used in the protein assay principally reacts with arginine residues and to a lesser extent with histidine, lysine, tryptophan, and phenylalanine residues, the slight decrease observed is probably due to amino acids or small peptides that bind to the dye but pass through the membrane. During the first precipitation in 0.9 mol/L ammonium sulfate, the protein yield was -50%. This is not surprising because most cellular debris, which contains much protein, is eliminated at this stage without affecting the recovery of urinary proteins. This is supported by results in Table 1 showing no significant loss of albumin, a1-GP, and (-iG after precipitation:
Volume, Step
Step B
Step a1-GP(lanes 1-3) , to (x1 -1LG (lanes 4-6) , and to lithostathine (lanes [7] [8] [9] Ninety-foldconcentrated urine used for lanes 1,4, and 7, EDTA-treatedurinary proteinsused for lanes 2, 3, 5, 6, 8, and 9 . In lanes 3, 6, and 9 proteIns were further treated with HCI and filtered. In each lane,proteinloadwas -100 pg (Figure 1, lane 5) showed only little improvement compared with treatment by EDTA alone (Figure 1, lane 4 On the other hand, protein recovery after HC1 treatment was -100%.
Influence of urinary protein treatment on protein immunodetection. Figure 2 , immunodetections of a1-GP and a1-pG were notably improved after EDTA and HC1 treatments (lanes 3 and 6, respectively). We also looked in urine for a protein immunologically related to pancreatic lithostathine, which we suspected to be present for reasons to be published elsewhere. As shown on lanes 7 and 8, its detection in untreated urine samples and when EDTA was used alone was barely possible because of migration artifacts. By contrast, two bands were clearly visible in the HC1-treated sample (lane 9). Immunodetection of a1-GP and aj-pG suggested that treatments used in this study did not significantly alter protein structure.
As shown in
As an additional control, pure pancreatic lithostathine was added to samples of urinary protein extract before each treatment. Its typical migration pattern was not altered and immunodetection was also possible, even when lithostathine had been mixed with untreated urinary proteins before electrophoresis (not shown). Hence, substances interfering with migration of urinary proteins do not interfere with exogenous proteins.
Discussion
Changes in urinary protein composition may reflect specific disorders of kidney structure or function (1, 13). of urinary proteins (1, 14) . impossible (1,14) , which we also show (Figure 2) . Abnormal migration was attributed in part to proteoglycans, which have a very high flow resistance because of chondroitin sulfate chains and have negative charges that interfere with SDS (15).
Other compounds with similar physical properties, such as GAGS, may also be involved. We investigated whether hydrolyzing those compounds would improve resolution of urinary proteins on SDS gels. The starting material was urine concentrated 90-fold by ultrafiltration. Cellular debris, which would stack on top of the gels, was removed by st.epwise amnionium sulfate treatment, and the protein extract was further concentrated in an Amicon cell. We were able to precipitate protein without significant loss by increasing the ammonium sulfate concentration (total proteins, Table 2; specific 
